
1. Introduction

Shock-induced deformation features are obser-
ved in many chondritic meteorites (Fredriksson et
al., 1963; Carter et al., 1968; Binns et al., 1969;
Ashworth & Barber, 1975, 1976; Dodd &
Jarosewich, 1979; Stöffler et al., 1988, 1991; Chen
et al., 1995, 1996, 2000; Xie et al., 1991, 2000a,
2000b, 2001). Detailed studies on these phenome-
na were carried out in an attempt to quantify these
features in terms of progressive stages of shock
metamorphism and estimate the peak shock pres-
sures and temperatures (Stöffler et al., 1991;

Schmitt & Stöffler, 1995). Stöffler et al. (1991)
defined a scheme of six stages of shock (S1 to S6)
on the basis of shock effects in olivine and plagio-
clase, and proposed a shock-pressure calibration
for these stages on the basis of a critical evaluation
of data from shock recovery experiments. These
authors also reported that shock melt veins are not
critical for the definition of the shock stage even
though their presence indicates that the meteorite
is shocked to stage 3 or above (Stöffler et al.,
1991). Their scheme (Stöffler et al., 1991) reveals
a progressive increase in the abundance of opaque
shock veins (S3), ranging from melt pockets, inter-
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connecting melt veins and opaque shock veins
(S4) to the pervasive formation of melt pockets,
melt veins and opaque shock veins (S5 and S6).
Diaplectic plagioclase glass (“maskelynite”)
appears in stage S5, whereas the high-pressure
polymorph of olivine, ringwoodite, is seen in res-
tricted local domains at stage S6. The shock-pres-
sure range for the reconstructive olivine –
ringwoodite transition is thought to be between 45
and 90 GPa and the post shock temperature bet-
ween 600°C and 1750°C (Stöffler et al., 1991).

The Suizhou meteorite is a shock-vein-bearing
L6 chondrite. The shock features of the Suizhou
meteorite match shock stages from 3 to 6 of the
scheme defined by Stöffler et al. (1991), and cover
a wide range of high pressures from 5 to > 45 GPa.
In this paper, we describe the shock-related mine-
ralogical features of the Suizhou meteorite and try
to draw some conclusions on the P-T history of
this meteorite.

2. Methods of study

The petrographic features were observed from
the hand specimen of the Suizhou meteorite. Two
fragments of the meteorite, one containing melt
veins, were made into polished thin sections
(PTS). The mineralogical features and the texture
of rock were investigated on PTS using a MPV-SP
optical microscope (OM) and a Hitachi S-3500N
scanning electron microscope (SEM) at the
Guangzhou Institute of Geochemistry, Chinese
Academy of Sciences. Chemical compositions of
mineral phases were analysed using a Cameca SX-
51 electron microprobe (EMPA) at 15 kV and 10
nA at the Institute of Geology, Chinese Academy
of Sciences. Raman spectra of both low-pressure
and high-pressure phases were recorded on a
Renishaw RM-1000 laser Raman microscope (Ar+

laser, 514.5-nm line) in the Beijing Institute of
Non-Ferrous Metals. 

3. Results

3.1 General features of the shock-metamor-
phosed Suizhou meteorite

The Suizhou meteorite fell on April 15, 1986,
at Dayanpo, which is located 12.5 km to the sou-
theast of Suizhou city, Hubei Province, China.
A total weight of 270 kg of this meteorite has been
collected, and the largest piece, a fragment of
56 kg in weight, is now preserved in the City

Museum of Suizhou. This meteorite was classi-
fied as an L6 chondrite, and was evaluated by
previous investigators (Wang & Li, 1990; Wang,
1993) as a weakly shock-metamorphosed
(S2 to S3) meteorite. 

The determination of the cosmogenic nuclides
3He, 21Ne, 35Ar, 83Kr and 126Xe, as well as
the 81Kr-Kr dating, indicate that the Suizhou
meteorite has an average cosmic-ray exposure age
of 29.8 ± 3.5 Ma (Wang, 1993). The results
obtained by different methods are in good agree-
ment within the limits of experimental errors,
hence indicating that the meteorite has only
a single-stage cosmic-ray exposure history.
The parent body of the meteorite broke up as a
result of a collision to form the Suizhou meteorite
at about 30 Ma ago (Wang, 1993). 

K-40Ar dating of the Suizhou meteorite yielded
an age of 4280 Ma, clearly younger than  its
formation age (4580 Ma). This indicates
radiogenic 40Ar losses after the formation of
the meteorite, but no loss of the cosmogenic
nuclide 3He since exposure of the Suizhou meteo-
rite to cosmic rays soon after its separation
from the parent body (Wang, 1993). Therefore, the
loss of radiogenic 40Ar took place before the
formation of the Suizhou meteorite and has no
relation with the later shock event. This implies
that the Suizhou meteorite was weakly shocked
(S3) and the shock pressure should be below 10
GPa (Stöffler et al., 1991).

The fresh fragment surface of the Suizhou
meteorite has a light-grey colour. The meteorite
consists of olivine, low-Ca pyroxene, plagioclase,
kamacite, taenite, troilite, chromite and whitlocki-
te. Our recent studies of the Suizhou meteorite
indicate that abundant irregular and planar frac-
tures were developed in olivine and pyroxene, and
almost all the plagioclase was melted (Fig. 1 and
2). Shock melt veins are very poorly developed in
the meteorite and only a few very thin melt veins
are observed ranging from 20 to 90 µm in width
(Fig. 1). These veins usually extend in only one
direction and there are no networks of veins. The
boundaries separating the black vein material from
the light-coloured unmelted chondritic rock are
sharp and straight. The shock veins are mainly
composed of fine-grained matrix that makes up
80~90 volume % of the veins. Our microprobe and
Raman spectroscopic investigations shaw that the
matrix material consists of idiomorphic granular
majorite-pyrope garnet, irregular Fe-Ni metal and
troilite grains in eutectic intergrowths, while the
remaining 10~20 volume % of veins consist of
coarse-grained high-pressure polymorphs of
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silicate minerals (Xie et al., 2000a, 2000b).
“Shock blackening” effect and shock-induced
melt pockets were not encountered in the
Suizhou meteorite.

3.2 Weakly-shocked olivine and pyroxene

Olivine is the most abundant constituent mine-
ral (~ 60 % by volume) in the unmelted domain of
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Fig. 1. Back-scattered electron (BSE) image showing maskelynite (Mas) surrounded by radiating cracks in neighbouring
olivine (Ol) and pyroxene in the Suizhou unmelted chondritic rock. A thin shock-melt vein (Vein) intersects the
chondritic rock (upper-left part of the image).

Fig. 2. BSE image showing irregular and planar fractures in olivine (Ol) and pyroxene (Pyx), and maskelynite (Mas)
with flow-deformed shape filling open cracks and fractures in olivine and pyroxene.
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the Suizhou meteorite. This mineral displays wavy
extinction, irregular fractures and from one to four
sets of parallel planar fractures with a spacing of
tens of micrometers (Fig. 2). It has a grain size
ranging from 0.05 mm to 0.5 mm. In some parts of
the thin sections, the olivine grains are granulated
with a grain size of less than 0.01 mm, but we
observed no mosaic-like or planar deformation
features (PDF), or solid state recrystallization in
olivine. Microprobe analyses show that the olivine
has the composition of (Mg1.50Fe0.49Mn0.01)2SiO4
(Table 1). Raman spectra recorded from olivine
grains show strong and sharp peaks at 821 and 851
cm-1 (Fig. 3a) that are characteristic of a low-pres-
sure phase of olivine. 

Low-calcium pyroxene in the Suizhou meteo-
rite displays wavy extinction, irregular fractures
(Fig. 2) and mechanical polysynthetic twinning,
with a grain size of 0.05–0.8 mm. Shock-induced
granulation (down to grain sizes of < 0.02 mm) is
also observed in some grains, but no PDF, mosaic

structures or transformation into molten state were
found in the Suizhou pyroxene. Microprobe study
shows that low-calcium pyroxene has the compo-
sition (Mg0.79Fe0.21Ca0.02)1.02(Si0.99Al0.01)1.00O3
(Table 1). Raman analyses display sharp peaks at
390, 664 and 1011 cm-1 (Fig. 3b), indicating that
this is a low-pressure phase of pyroxene.

From the above description, it is clear that both
olivine and pyroxene in the Suizhou chondrite
were only shocked to stage 3 according to the clsi-
fication of Stöffler et al. (1991).

3.3 Strongly-shocked and melted plagioclase

Plagioclase is a common rock-forming mine-
ral in L-group chondrites. However, we found
that almost all plagioclases in the Suizhou
meteorite were melted and transformed into mas-
kelynite. The maskelynite, representing a quen-
ched high-pressure melt, contains no cleavages
and scarce fractures, and displays a smooth
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surface (Fig. 1 and 2). Under the optical micro-
scope, it shows isotropic properties. Some maske-
lynite grains contain abundant tiny fragments of
chromite (Fig. 4 and 5), or olivine and pyroxene
(Fig. 2 and 4). Raman spectroscopic investigations
of maskelynite display several broad bands in the
ranges of 950–1250, 760–840, and 400–650 cm-1

(Fig. 3c). Only a few small grains of untransfor-
med plagioclase are observed in thin sections. 

Maskelynite grains are usually surrounded by
radiating cracks which penetrate deeply into the
neighbouring olivine and pyroxene as a result of
volume expansion from the original crystal phase
to melt glass (Fig. 1). Veinlets and offshoots of

Shock features & P-T history of Suizhou chondrite 1181

Fig. 3. Raman spectra of minerals in the Suizhou unmelted chondritic rock. (a) olivine, (b) pyroxene, (c) molten pla-
gioclase, and (d) chromite.
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maskelynite are commonly observed (Fig. 4).
They were formed through injection of plagiocla-
se melt into fractures or cracks in the neighbouring
olivine and pyroxene.

Microprobe analyses (Table 2) show that pla-
gioclase has an oligoclase composition of
(Na0.77K0.08Ca0.11Fe0.02)0.98 Al1.01(Si2.91Al0.09)3.00O8.
The chemical composition of maskelynite,
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Fig. 5. Clusters of highly granulated chromite fragments with flow-deformed shape in maskelynite (Mas).  Pyx –
pyroxene,  Ol – olivine,  FeNi – FeNi metal.

Fig. 4. BSE image showing the occurrence of maskelynite. Note the veinlets, offshoots and melt pockets of maske-
lynite (Mas) filling fractures and cracks in olivine (Ol) and pyroxene (Pyx). Many maskelynites contain clusters of
tiny fragments of chromite (light-grey), olivine and pyroxene (grey). A plagioclase melt pocket (upper right of the
image) contains elongated chromite fragments preferentially oriented in two directions.



(Na0.73K0.06Ca0.10Fe0.01)0.90 Al1.03(Si2.92Al0.08)3.00O8,
is close to that of plagioclase. The very low
contents of Cr2O3, MgO and FeO in maskelynite
grains containing chromite and silicate fragments
indicate that no exchange of elements has taken
place between the host plagioclase melt and the
trapped fragments of Cr-, Mg- and Fe-bearing
minerals within the plagioclase melt pockets 

3.4 Chromite fragments in molten plagioclase

Chromite is a common accessory mineral in
the Suizhou meteorite. It occurs either in the form
of individual grains of irregular shape with grain
size < 50 µm, or in the form of inclusions in mas-
kelynite. Both types of chromite are identified by
micro-Raman spectroscopic analysis that shows a
strong peak at 680 cm-1 (Fig. 3d). Fig. 6 shows a
shock-deformed chromite grain in contact with
pyroxene and maskelynite. This grain displays
more abundant irregular and sub-parallel fractures

than the neighbouring pyroxene and olivine.
Figure 7 demonstrates a cluster of chromite frag-
ments trapped but not homogeneously distributed
in a plagioclase melt pocket. The fragments range
from 0.4 to 10 µm in sizes. Most of the tiny frag-
ments have rounded shape and smooth surfaces,
but some grain outlines and intrafractures of the
host chromite grain are still preserved in some lar-
ger fragments. This implies that these fragments
very likely came from a shock-disaggregated host
chromite grain and were subsequently trapped by
flowing plagioclase melt. In some cases, chromite
grains were shock-granulated into grain size less
than 0.4 µm and were then intruded by plagioclase
melt, thus forming a unique pattern of clusters of
hundreds of tiny rounded or elongated fragments
in maskelynite (Fig. 5). We found only one case in
which elongated chromite fragments in a maskely-
nite pocket showed a preferential orientation in
two directions (Fig. 4). This phenomenon might be
considered at first sight as showing that chromite
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slabs recrystallized from the plagioclase melt.
However, the much higher melting point of chro-
mite (~ 2000°C) compared with oligoclase and the
easy fragmentation of chromite during shock
implies that the present orientation of fragments
was not produced by melting and recrystallization.
Rather, it is due to disaggregation of the host chro-
mite grains along well-developed sub-parallel

intrafractures in two sets and subsequent in-situ
mixing with intruding molten plagioclase. 

Our microprobe analyses (Table 3) show that
the composition of chromite fragments trapped in
plagioclase melt pockets, (Fe0.97Mg0.08Mn0.02)1.07
(Cr1.49Al0.23Mg0.21Ti0.07)2.00O4, is very close to
that of chromite grains in the unmelted chondritic
rock, (Fe0.94Mg0.05Mn0.02)1.01 (Cr1.47Al0.24Mg0.16
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Fig. 7.  Chromite (Ch) fragments of different sizes in a maskelynite (Mas) melt pocket. Note the sub-parallel frac-
tures in the larger chromite fragments. Pyx – pyroxene.

Fig. 6. BSE image showing shock-induced fractures in a chromite (Ch) grain in contact with pyroxene (Pyx) and
maskelynite (Mas). Ol – olivine.



Ti0.07Si0.06)2.00O4. The similar contents of
Cr2O3, FeO, SiO2 and Al2O3 in both types of
chromites support our assumption on the origin
of the oriented chromite fragments mixed
with plagioclase melt.

3.5 Weakly-shocked FeNi metal and troilite

Metal and troilite in the Suizhou meteorite
occur as single grains of irregular shape, an display

no obvious intragranular textures. Raman spectra
taken on troilite grains show sharp peaks at 218,
283, 398, 600 and 1292 cm-1, indicating that they
were weakly deformed by shock. However, some
small rounded FeNi metal grains of 0.5 to 5 µm in
diameter are observed, but they are not homoge-
neously distributed in the cracks or intersecting
joints of shock-induced planar fractures in olivine
and pyroxene (Fig. 8). The chemical composition
of these small metal grains was determined using a
LINK ISIS 300 X-ray energy dispersive spectro-
meter attached to SEM. The results show that this
type of metal grain has a much lower Fe content
(84.58–85.47 wt.%) and higher Ni content
(14.53–15.42wt.%) than the large metal grains in
the chondritic rock (91.15–94.80 wt.% of Fe and
4.40–6.81 wt.% of Ni) (Wang & Li, 1990). This
indicates that the small rounded metal grains might
have experienced chemical fractionation during
shock-induced melting or evaporation. Therefore,
we consider that this type of metal grain was depo-
sited in cracks and fracture joints from nearby
shock-induced Ni-rich metal melt or, more likely,
from the vapour phase produced from Ni-rich
metal during the shock event. 

3.6 High-pressure phases in shock-melt veins

The thin shock-melt veins in the Suizhou
meteorite are mainly composed of a fine-grained

Shock features & P-T history of Suizhou chondrite 1185

Table 3. Compositions of chromite in the Suizhou
meteorite (wt %)

Fig. 8. Small rounded FeNi metal grains (white) deposited in the intersecting joints of shock-induced planar fractures
in silicate minerals. Ol – olivine.
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matrix that makes up 80~90 volume % of the
veins, consisting of majorite-pyropess (ss = solid
solution), FeNi and FeS eutectic intergrowths. The
remaining10~20 volume % of the veins consist of
coarse-grained high-pressure phases, including
ringwoodite, majorite, and NaAlSi3O8-hollandite
(Xie et al., 2000a, 2000b, 2001).

Ringwoodite, majorite, and NaAlSi3O8-hollan-
dite in veins have identical compositions as the oli-
vine, low-calcium pyroxene and plagioclase in the
host chondritic rock (Tables 1 and 2). On the other

hand, the majorite-pyropess in the vein matrix is
richer in Al2O3, CaO, Na2O and Cr2O3 in compa-
rison with coarse-grained majorite in the same
vein and the low-Ca pyroxene in the chondritic
rock (Table 1). This suggests that the majorite-
pyropess was formed by crystallization under high
pressure from a shock-induced mixed chondritic
melt enriched in these components. Figure 9
shows Raman spectra recorded from four high-
pressure phases found in the Suizhou veins. They
are characteristic of those obtained from the same
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Fig. 9. Raman spectra of high-pressure phases in the Suizhou shock melt veins. (a) ringwoodite, (b) majorite,
(c) (Na,Ca)AlSi3O8-hollandite, and (d) majorite-pyropess.



high-pressure minerals as indicated by previous
investigators (McMillan & Akaogi, 1987;
McMillan et al., 1989; Gillet et al., 2000). 

4. Discussion

4.1 First evaluation of shock level of the
Suizhou meteorite

Shock effects in olivine and pyroxene in the
Suizhou meteorite indicate that these two rock-for-
ming minerals were only shocked to stage 3. Metal
and troilite in the meteorite show no obvious intra-
granular textures. The lack of 4He and 40Ar loss
from the Suizhou meteorite during the shock event
(Wang, 1993) also shows that the shock pressure
should be less than about 10 GPa (Stöffler et al.,
1991). On the basis of the shock features described
above, the Suizhou meteorite can be evaluated as a
chondrite shocked to stage 3, which is consistent
with the evaluation of previous investigators
(Wang & Li, 1990; Wang, 1993). However, in
contrast to other shock-vein-bearing L-chondrites,
such as Tenham (Langenhost et al., 1995) and
Sixiangkou (Chen & El Goresy, 2000), in which
the molten plagioclase mainly occurs in domains
next to shock veins, almost all plagioclase in the
Suizhou unmelted chondritic rock was melted and
transformed into maskelynite during the shock
event. This implies that the Suizhou meteorite
should have a higher shock level than that evalua-
ted from the shock effects in olivine and pyroxene.
The presence of shock-melt veins and transition of
olivine into ringwoodite indicate that these parts of
the meteorite were very strongly shocked to stage
6. Based on the classification and pressure cali-
bration of shock stages defined by Stöffler et al.
(1991), the whole rock of the Suizhou meteorite
could be strongly shocked up to stages S5 with
some localized regions (veins) in stage 6. The esti-
mated shock pressure for this meteorite could be in
the range of 30~45 GPa.

4.2 P-T history of plagioclase in the Suizhou
meteorite

Shock-wave experiments have shown that
feldspar transforms to diaplectic glass at 26-34
GPa, and to melt glass at 42 GPa (Ostertag,
1983). However, the transition process may be
accelerated at lower pressures when the tempera-
ture is high enough. For instance, the shock-wave
experiments of Schmitt (2000) indicate that pla-
gioclase will transform into an amorphous phase

at 20-25 GPa if the temperature in the target rock
is elevated by about 920 K before the shock,
whereas such a transformation at 293 K would
take place at 25-30 GPa. It is known that an expe-
rimental shock pressure of 30 GPa at the ambient
temperature of the chondritic rocks will only pro-
duce a temperature rise of less than 350°C
(Stöffler et al., 1991). Such a temperature is too
low to melt plagioclase although the shock pres-
sure is very high. According to the normal noble
gas contents (Wang, 1993) we found no evidence
that the Suizhou meteorite was heated to a higher
temperature before the shock event. However, the
maskelynite occurring in the Suizhou meteorite
indicates that the shock-produced temperature
must be far higher than 350°C. The investigation
on the basaltic meteorite Zagami by Langenhorst
& Poirier (2000) revealed that the shock pressu-
re and equilibrium shock temperature might
reach 30 GPa and 1000°C, respectively, since all
plagioclases in this meteorite were transformed
into maskelynite (Langenhorst et al., 1991;
McCoy et al., 1992; Chen & El Goresy, 2000).
Therefore, we assume that the Suizhou meteorite
might be shocked in a pressure range of 25~30
GPa and at a temperature of about 1000°C.
According to the scheme of Stöffler et al. (1991),
this pressure range corresponds to shock stage 4
(15~30 GPa).

It has been emphasized recently by Chen &
El Goresy (2000) that phase transitions occurring
in many natural impact events could correspond
not only to dynamic but more likely kinetic pro-
cesses as well. The high-pressure pulse in the
natural impact events might last for seconds in
large impact bodies (Chen et al., 1996; Xie et al.,
2001), whereas it takes place only within a time
scale of microseconds in shock-wave experi-
ments (Goto & Syono, 1984). This would explain
why many shock experiments failed to produce
ringwoodite from olivine although the shock
pressure is above 56 GPa (Jeanloz et al., 1977).
The extended period of higher pressure and tem-
perature regime in the natural impact events
might play an important role in the phase transi-
tion of minerals in chondrites (Chen et al., 1996;
Sharp et al., 1997; Tomioka & Fujino, 1997;
Gillet et al., 2000; Xie et al., 2001). We assume
that maskelynite could be formed at a shock
pressure lower than that in experiments if the
duration of high-pressure and temperature regi-
me is long enough. Therefore, we argue that a
shock metamprphic regime of 20~25 GPa and
~1000°C in the Suizhou meteorite would be suf-
ficient to transform plagioclase into maskelynite. 

Shock features & P-T history of Suizhou chondrite 1187
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4.3 P-T history of minerals in shock-melt veins
of the Suizhou meteorite

The melt veins in the Suizhou meteorite
contain abundant high-pressure phases, including
coarse-grained ringwoodite, majorite, (Na,Ca)
AlSi3O8-hollandite and fine-grained majorite-
pyropess which were identified by microprobe and
micro-Raman spectroscopic analyses (Table 1 and
Fig. 9). According to the experimental data of
Katsura & Ito (1989), the formation of ringwoodi-
te with about 80 mol. % of Mg2SiO4 constrains the
pressure to ~18 GPa at 1600°C. The existence of
NaAlSi3O8-hollandite instead of calcium ferrite-
type NaAlSiO4 constrains the pressure not higher
than 23 GPa at 1000-1200°C (Liu, 1978; Yagi et
al., 1994). Experimental results on the Allende
meteorite by Agee et al. (1995) shows that the
assemblage majorite garnet + ringwoodite stabi-
lizes under P-T conditions of 18-22 GPa and 1800-
1900°C. Therefore, the occurrence of abundant
high-pressure phases including ringwoodite, majo-
rite, (Na,Ca)AlSi3O8-hollandite, and majorite-
pyropess in the shock melt veins of Suizhou
constrains the pressure and temperature to be 18-
22 GPa and 1800-1900°C, respectively. This result
indicates that minerals in shock-melt veins in the
Suizhou meteorite were shocked to pressures simi-
lar to those in the unmelted host chondritic rock
(20~25 GPa), but to temperatures (~1900°C)
much higher than those (~1000°C) in its host rock.
Additional heat which raised the temperature of
materials in veins might be induced by shear-fric-
tion because sharp and straight boundaries bet-
ween shock veins and surrounding unmelted
chondritic rock in the Suizhou meteorite are indi-
cative of strong shearing movement along the
veins during the shock event. 

We should stress that the estimated pressure
range (18-22 GPa) for olivine–ringwoodite transi-
tion and other phase transitions in veins in the
naturally shocked Suizhou chondrite is much
lower than the value (55-90 GPa) evaluated from
shock recovery experiments (Stöffler et al., 1991).
As we noted previously, this difference may be
explained by the longer duration of the high-pres-
sure/high-temperature regime in natural shock
events than in shock-loading experiments. But
ringwoodite has not been found in shock recovery
experiments carried out above 56 GPa (Jeanloz et
al., 1977), and it has not been observed in all
chondrites with localized melting and recrystalli-
zed olivine. Thus Steele & Smith (1978) assumed
that special conditions, e.g. elevated temperature
of the target before shock compression, may be

required for the formation of ringwoodite. We pro-
pose that the extended duration (a few seconds) of
high-pressure and temperature regime in naturally
impacted bodies may provide such special condi-
tions. If this is the case, both high pressure and
high temperature would be induced in impacted
bodies in the first microsecond of a shock com-
pression. This pressure might not be high enough
to cause the phase transformation of silicate mine-
rals, but the elevated temperature in impacted
bodies would provide favourable conditions for
phase transition of minerals when these impacted
bodies are still at high pressure. On the other hand,
in the case of shock-wave experiments, the condi-
tion of elevated temperature may be achieved in
small target samples. However, the duration of the
high-pressure regime is too short to complete the
structural reconstruction of minerals in targets
because the target samples decompress within a
few microseconds.

4.4 Shock history of the Suizhou meteorite

As noted above, the host Suizhou chondritic
rock experienced a shock metamorphic regime of
up to 20~25 GPa at ~1000°C, whereas the vein
material was shocked at up to 18~22 GPa and
1800~1900°C.  We take 22 GPa as the upper limit
of shock pressure for both the host chondritic rock
and the veins. This pressure value is within the
pressure range of shock stage 4 (15~30 GPa)
(Stöffler et al., 1991).   

The presence of small rounded FeNi metal
grains deposited from the vapour phase in cracks
and fractures joints in the olivine and pyroxene
provides additional evidence of the shock tempe-
rature produced in the Suizhou meteorite.
Experimental vaporization of an L6 chondrite
conducted by Gooding & Muenow (1977) sho-
wed that the vapour pressure of Fe and Ni is very
low (< 10-10 atm) at < 800°C, but it can reach
10-5.5 and 10-6.5 atm at 1200°C. Therefore, these
authors indicate that vaporization at < 800°C is
not an efficient mechanism for significant trans-
fer of a metal phase unless very long periods of
time are available (Gooding & Muenow, 1977).
In fact, a temperature of 850-1300°C was esti-
mated for the formation of shock-produced FeNi
metal deposited from the vapour phase in the
thick-vein-bearing Yanzhuang chondrite (Xie &
Chen, 1997). Here, we estimate that the shock
temperature in the unmelted host chondritic rock
may be about 1000°C. This is in good agreement
with the estimation for maskelynite in the chon-
dritic rock. 
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Based on the shock features of minerals in
both unmelted and melted domains, we consider
that the Suizhou meteorite was weakly to modera-
tely shock-metamorphosed, and the shock level of
the meteorite would be stage 3-4. The shock pres-
sure and temperature are estimated at 22 GPa and
1000°C for the unmelted chondritic rock and 22
GPa and 1900°C for the shock-melt veins.

5. Conclusions

The Suizhou L6 chondrite contains weakly
shocked olivine, pyroxene, metal and troilite, but
almost all plagioclase grains were melted and
transformed into maskelynite during the shock
event. A few very thin shock-melt veins filled with
abundant high-pressure phases are observed in the
meteorite. The shock features of this meteorite
match the shock stage 3 to 6. The actual shock
level of this meteorite was evaluated as stage 3-4.
This meteorite experienced a shock pressure and
temperature of up to 22 GPa, and ~1000°C, res-
pectively. Locally developed thin shock veins in
the meteorite were formed at the same pressure
(up to 22 GPa) but at an elevated temperature of
about 1900°C. The higher temperature in melt
veins than in the unmelted chondritic rock was
achieved by localized shear-friction stress.
It appears that maskelynite cannot be used as the
sole criteria for evaluating the shock stage and
estimating the shock pressure in shock-metamor-
phosed chondrites.
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